Although important to guide conservation management, detailed demographic studies on rare 37 or elusive species inhabiting fragmented, human-dominated landscapes are often hampered by 38 the species' low densities, and the logistic and ethical constraints in obtaining reliable 39 information covering large areas. Genetic non-invasive sampling (gNIS) provides cost-effective 40 access to demographic information, though its application to small mammals is still scarce. We 41 used gNIS to infer on the demography of an endemic small mammal, the Cabrera vole ( 
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(damp areas with vegetation patches dominated by dense and tall herbs) using both Bing 154
Maps aerial photographs (retrieved in 2012) and ground validation (Fig. 1) . Then, a survey was 155 conducted over the whole area of each patch, to detect the presence of the species from its 156 characteristic signs (faecal pellets and grass clippings), and to collect fresh feces for genetic 157 analysis. Within each patch, two samples were collected (if available) every 5 m (in order to 158 maximize the chances of detecting different individuals) (Fig. 1) , using sterilized tweezers, and 159 stored in the field in individual 2 mL microtubes with 96% alcohol, and later kept at -20C until 160 DNA extraction. To minimize cross-contamination from conspecifics, feces were collected from 161 small latrines (<20 faecal pellets). The presence of the competitively superior southern water 162 vole (Arvicola sapidus) was recorded based on the presence of similar but larger faecal pellets 163 than those from the Cabrera voles, which are easily recognizable (Peralta et al., 2016) . The 164 surveying of the study area followed the same direction (from NW to SE) in each sampling 165
season, such that habitat-patches were sampled following approximately the same order and 166 time-intervals. 167
All information regarding the voles' habitat, matrix land-uses, and sample geographic location 168 was stored in a vector-based Geographic Information System (GIS; QGIS, version 2.14.10 -Essen, 169 QGIS Development Team, 2016) . 170
DNA extraction and genotyping 171
Due to budget restrictions, only a limited number of faecal samples could be analysed. The 172 selection of samples for genetic analyses followed a stepwise approach to reduce costs while 173 aiming to achieve a comprehensive spatial coverage of each patch, hence maximising the 174 number of captures and recaptures of individuals (Ferreira et al., 2018) . In patches where less 175 than six samples were collected, all samples were analysed. In each of the remaining patches, 176
we selected at least 60% of the samples, evenly spread throughout the patch. When more than 177 one sample was collected every 5 m, only one was initially analysed. If genotyping failed for the 178 first sample, the second sample was analysed in order to obtain a minimum number of 179 genotypes per patch of at least 40% of all sampling sites. 180
Vole DNA was extracted using the E.Z.N.A.® Tissue DNA Kit (OMEGA bio-tek) following the 181 manufacturers' instructions, with an initial digestion step using a lysis washing buffer (Maudet 182 et al., 2004) for 15 minutes at 56C. Samples were genotyped for a set of nine microsatellites 183 characterized by high levels of polymorphism (Ho = 0.79; He = 0.81), low probability of identity 184 8 of unrelated ) and related individuals (PIsibs= 9.2x10 -5 ), and high probability of 185 exclusion (PE=0.99), and two small sized sex-linked introns (Table A1 CJS models, as the number of predictors increases, so will the number of model parameters, and 253 hence the number of possible models under evaluation, which decreases the ability to 254 distinguish between informative and spurious variables (Doherty et al., 2012). Among the 255 potential predictors of p, we found a negative correlation between genotyping success and 256 patch area (Table A2 , Appendix A). Because p should be most critically affected by variables 257 more directly related to the sampling design, we retained genotyping success in the analyses to 258 the detriment of patch area. As regards to potential predictors of , we found some degree of 259 multicollinearity among the presence of road-verges, patch area, patch permanence, and patch 260 isolation (Table A2 , Appendix), suggesting an association of road verge habitats to larger, more 261 stable, and less isolated patches. Because the presence of road-verges was considered to 262 provide a reliable descriptor of local environmental variations directly linked to human land-use 263 activity, this variable was carried out to the CJS modelling procedure. We also retained the 264 covariate distance to agricultural fields instead of the distance to urban areas (positively cross-265 correlated; Table A2 , Appendix A), as agricultural land-use was predominant, and potentially 266 most relevant land-use in the study area. Sex, presence of water, and detection of water voles 267
were only weakly correlated to other predictors, and were therefore also retained in the 268 analyses (Table A2, This resulted in eight submodels describing p, and 64 submodels describing . For the final set of 277 candidate models to be evaluated, we retained in each case the set of submodels with a 278 difference of Akaike's Information Criteria corrected for small sample size (∆AICc) smaller than 2 279 11 relative to the respective top-ranked submodel, regarded as the most supported (Burnham and 280 Anderson, 2002 (Fig. 1) . The percentage of occupied patches was of 45% (n= 131) in EWS, 292 51% (n=138) in LWS, 61% (n= 137) in EDS, and 54% (n=149) in LDS (Fig. 1) . 293
We collected a total of 2 711 faecal samples (mean±SE per season = 678±54), of which 48.4% 294 (n=1312; 328±24 per season) were selected for DNA extraction and genotyping. Average 295 genotyping success rate was 33.9% (444 samples), with the highest values obtained for samples 296 collected in EDS (42.4%, n=153), followed by EWS (38.4%, n=140), LWS (26.8%, n=87), and LDS 297 (24.4%, n=64). Overall genotyping errors were low (dropout rate: 0.68-2.8%; false allele rate: 0-298 0.18%; Table A1 , Appendix A), with higher genotyping errors recorded in the seasons with lower 299 genotyping success. From the randomly selected 23% of samples that failed amplification (i.e. 300 163 out of 704 samples), about 86% were identified as Cabrera voles, while the others belonged 301 to other rodent species (7.3%) or were contaminated with human or ungulate DNA (6.7%). 302
Another 164 samples were also contaminated despite being successfully amplified. The 444 303 samples that were successfully amplified and were not contaminated were assigned to a total of 304 307 individuals, with 81 (EWS), 77 (LWS), 122 (EDS), and 64 (LDS) individuals per season. From 305 the 137 recaptures identified across all surveys, 120 (87.6%) were in the same habitat patch of 306 the previous (re)capture. The mean seasonal sex-ratio was even (M:F = 1.08), with no marked 307 seasonal changes (between 1.03 and 1.13). 308
The likelihood-ratio tests indicated that ECM was more supported than TRIM for estimating 309 abundances in all seasons (p> 0.16). Abundances estimated by ECM (range: 116-353) were very 310 12 similar to those obtained using Mh-Chao (range: 125-370). There was an over 4-fold increase in 311 vole abundance from EWS to LWS, with little change through to the EDS, followed by about a 2-312 fold decrease until the LDS (Fig. 2) . Except for EWS, abundance estimates derived from both 313 ECM and Mh-Chao had relatively wide confidence intervals. 314
The PC model selection approach resulted in the retention of five recapture probability 315 submodels and three survival probability submodels (Table 2) . After applying the model 316 selection procedure on the final set of 15 plausible models and excluding models with 317 uninformative covariates, the most supported model retained no covariates affecting recapture 318 and included four covariates affecting survival (Table 3 ) Monthly recapture probability was 319 estimated as 0.54 (0.20-0.85 CI 95%), while monthly survival was estimated as 0.52 (0.39-0.65 CI 320 95%), being 1.5-times higher in males than in females (Fig. 3A) . Survival was also affected by 321 habitat conditions, being 2-times higher on road-verges than elsewhere (Fig. 3B ), 1.5-times 322 higher in the presence of (or bordered by) water-bodies (Fig. 3C) , and 2-times higher 300m 323 away from agricultural areas (Fig. 3D) . increased habitat quality, and/or to predation release effects, in the case of roads with more 399 intensive traffic (Rytwinski and Fahrig, 2007) . 400
The positive effects of the presence of permanent water-bodies within or bordering habitat-401 patches on voles' survival was in accordance to the prediction that damper habitats provide 402 better resources for Cabrera voles (Pita et al., 2011) . This may be associated with the presence 403 of fresh green vegetation providing high-quality food and shelter across the dry landscape 404 (Santos et al., 2007) . While the presumed superior competitor water vole also prefers habitats 405 15 with dense and wet vegetation, and may affect Cabrera voles' occupancy patterns (Pita et al.,  406 2016), we found no evidence for inter-specific effects on Cabrera voles' survival. It is also 407 interesting to note that, despite their influence in shaping Cabrera voles' occupancy dynamics 408 and abundance (Pita et al., 2007) , patch size and isolation were poor predictors of individual 409
survival. This has also been reported in other small mammal species, for which habitat quality 410 was also a better surrogate for survival than patch size (Mortelliti et al., 2014) . 411
Besides environmental factors, and contrary to our expectations based on the predominantly 412 monogamous mating systems of Cabrera voles (Pita et al., 2014) , apparent survival was also 413 related to sex, with support for higher survival in males. In the case of monogamous species that 414
are not sexually dimorphic and with both males and females sharing parental care, survival 415 generally tends to be similar across sexes or in some cases male-biased, thus highlighting an 416 interesting exception to the general rule of male-biased mortality, typical in polygynous AICc -Akaike's Information Criteria corrected for small sample size; k -degrees of freedom;  -apparent survival probability; p -recapture probability. 
